per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 4 : 
G02F 1/133 



Al 



(11) International Publication Number: WO 87/ 01468 

(43) International Publication Date: 12 March 1987 (12.03.87) 



> 

o 
o 

m 



CO 
Ui 

m 



(21) International Application Number: PCT/AU86/00264 

(22) International Filing Date: 5 September 1986 (05.09.86) 

(31) Priority Application Number: PH 2323/85 

(32) Priority Date: 6 September 1985 (06.09.85) 

(33) Priority Country: AU 



(71) Applicant (for all designated States except US): CON- 

SOLIDATED TECHNOLOGY PTY. LTD. [AU/ 
AU]; 22 Govan Street, Seaford, VIC 3198 (AU). 

(72) Inventor; and 

(75) InYentor/AppIicant (for US only) . SAUL, Iain, Godfrey 
[AU/AU]; 13 Barriedale Grove, Frankston, VIC 3199 
(AU). 

(74) Agents: LESLIE, Keith et al.; Davies & Collison, 1 
Little Collins Street, Melbourne, VIC 3000 (AU). 



(81) Designated States: AT (European patent), AU, BE (Eu- 
ropean patent), CH (European patent), DE (Euro- 
pean patent), FR (European patent), GB. GB (Euro- 
pean patent), IT (European patent), JP, KR, LU (Eu- 
ropean patent), NL (European patent), SE (European 
patent), US. ^ f j, y y 



Published 

With international search report. 



(54) Title: METHOD AND APPARATUS FOR CONTROLLING A LIQUID CRYSTAL DEVICE 



o 



UJ 



AOV- 



20V- 



9 



a. 

0 



k37a 



1/ 



37 



.36 /37b 



(57) Abstract 



10 20 ' 30 AO ' 50 
TIME IN MILLI-SECS 




60 70 "80 



90 



A method for changing the state of a hquid crystal display device (10) to vary the opacity thereof wherein a short 
high voltage pulse (37a) considerably in excess of the critical voltage of the display device is applied thereto, the pulse be- 
ing of short duration whereby to minimise the likelihood of damage to the device. 



DID: <WO B7014eaA1 I > 




C 0 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the frontpages of pamphlets publishing international appli- 
cations under the PCT. 



AT 


Austria 


GA 


Gabon 


MR 


Mauritania 


AU 


Australia 


GB 


United Kingdom 


MW 


Malawi 


BB 


Barbados 


HU 


Hungary 


NL 


Netherlands 


BE 


Belgium 


rr 


Italy 


NO 


Norway 


BG 


Buigaria 


JP 


Japan 


RO 


Romania 


BR. 


Brazil 


KP 


Democratic People*s Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SN 


Senegal 


CH 


Switzerland 


LI 


Liechtenstein 


SU 


Soviet Union 


CM 


Cameroon 


LK 


Sri Lanka 


TD 


Chad 


DE 


Germany, Federal Republic of 


LU 


Luxembourg 


TG 


Togo 


DK 


Denmark 


MC 


Monaco 


US 


United States of America 


n 


Finland 


MG 


Madagascar 






FR 


France 


ML 


Mali 







BNSDOCID: <WO 8701468A1J_> 



wo 87/01468 



PCT/AU86/00264 





METHOD Am APPARATUS FOR CONTROLLING A LIQUID CRYSTAL DEVICE 

This invention relates to the activation of liquid 
crystal devices by the application of electric potential 
thereto to alter the state of some or all of the liquid 
crystal material thereof. 

Nematic liquid crystal display devices are well 
known. These devices generally include transparent 
plates between which is positioned a thin layer of a 
nematic liquid crystal material. Light polarisers are 
positioned one to either side of the plates. Electrodes 
10 in; the form of transparent conductive coatings^ usually 



arranged in a desired pattern forming configuration, 
applied to the inner surfaces of- the- plates are provided 
andr when an electric potential greater than a critical 
voltage is applied across the electrodes, the liquid 



electrodes is affected in such a way as to cause a change 
in the optical density of that part of the device 
coinciding with the electrodes. In particular, the 
liquid crystal material and light polarisers may be 



to the device light can freely pass through the device, 
but that on application of electric potential to the 
electrodes the optical density of the device coinciding 
therewith is greatly increased. 

Devices such as above described suffer a 
disadvantage in that, in some applications, it is desired 
that the optical density should be changed rapidly from 
one state of optical density to another whereas. 



crystal material directly interposed between the 



20. 



arranged so that before application of electric potential 
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generally speaking, there is a significant delay 
time between application of electric potential 
to effect change of state of the liquid crystal 
material, and the actual occurrence of such change 
of : state. This has somewhat tended to liiait the 
use- of liquid crystal devices in certain application 
to, which they are otherwise well suited. 

The field of application of the present invention 
and its. nature may be better appreciated in the 
light: of the prior art publications presently known 

10 to the applicant, namely: 

U.S. Patent 4,071,912. This discloses a welder's^ 
mask* in which the lens includes a liquid crystal 
layer- the state of which is changed to opacify 
the lens by means of an UV-sensitive photocell 
responsive to exposure to a welding flame or arc. 

u:..S. Patent 4,241,286. This also relates 
to weCdier's masks but in which the opacifying is 
dependant on the welder blowing on, or making a 
sound to affect, a transducer within the mask. 

20 u-.K. Patent 2,029,343. This discloses modification 

of the reflectivity of a mirror by alteration of 
the on/off duty cycle of a high frequency controlling 
voltage: of a liquid crystal device associated with 
the mirror. 

U.K. Patent 1,430,183. This relates to similar 
subject matter as U.S. 4,071,912 but the photo-cell 
is within the mask so that it receives radiation 
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that has penetrated the lens rather than fallen 
directly on the cell. 

U.K. Patent 2,083,649. This discloses a spectacles 
lens incorporating a liquid crystal device of which 



frequency energising potential. 

German Patent 2,442,98. The opacity of a 
lens is controlled by feed back from a photo-sensor 
controlling variation of the voltage applied to 
a liquid crystal component of the lens to maintain 
a constant transmissability . 

The present invention is applicable in all 
of the applications instanced in the abovementioned 
prior art and is also particularly, but not exclusively 
concerned with affecting a high speed change of 
state required in respect of welder's helmets or 
masks • 

The response time, that is to say the time 
taken to achieve the change in state after application 
of an electric potential, can be significantly 
decreased by application of electric potentials 
which are significantly higher than the critical 
voltage. However, this expedient has a substan- 
tial disadvantage that the device may be damaged 
whilst, in any event, the useful life of the device 
is certainly lessened. 

Generally speaking, che present invention 
contemplates the application a high electric potential 



the opacity depends on the duty cycle of a high 
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to the liquid crystal device, but only for a short 
period, when effecting change of state of the device 
by application of electric potential. It has been 
found that application of a short high voltage 
pulse of the order of, say, five milliseconds duration 
will effect very rapid change of state as compared 
with conventional methods, without causing significant 
lessening of life of the device. 

In accordance with one aspect of the invention, 
then, there is provided a method of altering the 
state of a liquid crystal device, to vary the optical 
density of the device, comprising applying to the 
device a short pulse of high electric potential. 
The pulse .may be followed by a maintained lower 
level of potential sufficient to maintain the change 
of state. 

The invention also provides means for applying 
electric potential to a liquid crystal device for 
altering the state of the device, to vary the optical 
density of the device, arranged whereby on said 
applying of electric potential, the electric potential 
applied is generated as a relatively high magnitude 
pulse of short duration. The electric potential 
applied may be changed to a lower level after occurrence 
of said pulse. The pulse may be of magnitude 2 
to 5 times the critical voltage for the device 
and the subsequent potential applied may be of 
magnitude substantially the same as but higher 
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than the critical voltage. The means for applying 
electric potential may comprise two voltage generators, 
one operable to apply a steady state voltage sufficient 
to maintain the liquid crystal display device in 
its 
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changed state and a higher voltage generator operable to 
supply the aforementioned pulse # together with means 
operable on application o£ potential to the device to 
effect supply of potential from the higher voltage 
generator for the duration of said pulse and to then 
effect supply of potential from said one generator. The 
last mentioned means may include timing means effective 
to effect turning off of potential supply from the higher 
voltage generator to terminate said pulse. 

The said pulse and any electrical potential applied 
to maintain the change of state of the device may be 
direct current voltages, possibly of pulsating form, or 
may be alternating current voltages. For example, the 
pulse may be generated as a series of relatively high 
frequency signals such as 20KH2, whilst the subsequent 
maintenance electrical potential may be generated as an 
alternating voltage of relatively low frequency, such as 
50 H2- 

The invention is further described by way of example 
only with reference to the accompanying drawings, in 
which: 

Figure 1 is a cross sectional diagram of a 
conventional liquid crystal display device; 

Figures 2 to 4 are graphs explaining the operation 
of the invention; and 

Figure 5 is a circuit diagram of a representative 
supply device constructed in accordance with the 
invention. 
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In Figure 1, a liquid crystal display device 10 is 
shown as comprising two glass plates 12, 14 arranged in 
closely spaced parallel relationship and sealed around 
the edges by a seal 16 therebetween so as to maintain the 
inner surfaces of the plates spaced apart a small 
distance. The cavity within the device between the glass 
plates 12r 14 and seal 16 is filled with a nematic liquid 
crystalline material 20. Crossed polarisers 22, 24 are 
provided against the outer faces of the glass plates 12, 

10 14 whilst the inner surfaces of the glass plates in 

contact with the material 20 are coated with a suitable 
transparent conductive material." In a fashion known per 
se and described, for example, in United States Patent 
3,731,986, application of electric potential above a 
critical value V to the layers 26, 28 causes the 
material 20 to change state from a state where light 
transmission through the device 10 is possible to a state 
where light transmission is substantially blocked. 

It is customary to apply a voltage to the material 

20 20 as an alternating current voltage in which case the 

RMS voltage needs to be in excess of the critical voltage 

in order to effect change of state. It is possible, 
however, to use DC voltages. In Figure 2, graph 33 
represents an applied alternating voltage of about 10 
volts RMS applied at an arbitrary time "t" = 50 
milliseconds as maintained for an arbitrary time period 
ending at t « 280 milliseconds. This voltage corresponds 
to an RMS voltage close to but somewhat above the 
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critical voltage V , for customarily used liquid 



crystal mater ials» The effect of application of this 
voltage on transmissivity of the device is indicated by 
graph 30* it will be seen that the optical density rises 
only relatively slowly on application of voltage and does 
not reach the maximum density until time t = 100 
milliseconds. That is to say, there is an effective rise 
time of about 75 milliseconds before maximum density is 
reached. On turn off of applied voltage, there is also 
some time delay between such turn off and reversion of 
the device to its off state. As shown, this may 
typically be of the order of 40 Tnilliseconds. 

In Figure 3, the effect of increasing the applied 
voltage is demonstrated. Here, the applied voltage as 
representated'by graph 35 is applied for the same time 
period as in Figure 2 but is of a higher magnitude, 
namely 15 volts, thus being considerably higher than the 
critical voltage V • The variation in optical 
transmissivity of the device 10 under application of this 
voltage is represented by graph 32 in Figure 2. The rise 
time for the device 10 to assume its most optically dense 
state from the rest state after application of this 
increased voltage is considerably lessened, being of the 
order of 30 milliseconds. However, it has been found 
that continued application of voltages of this order will 
rapidly cause deterioration of the device and damage it. 
Furthermore, the turn off time for the device to assume 
its off state after interruption of voltage supply 
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« thereacross is considerably increased, being of the order 
of 70 milliseconds* 

Figure 4 illustrates a cycle of operation of device 
10 r in accordance with this invention. Here# a voltage 
represented by graph 37 is applied. Over the bulk of the 
time period, represented by part 37b of graph 37, the 
voltage is maintained at the same level as in Figure 2, 
being sufficient to maintain turn on but not being so 
high as to be likely to cause damage to the device 10 • 
10 However at initiation of turn on, the applied voltage is 



generated as a high magnitude pulse shown at 37a in 
Figure 4. The magnitude of the applied voltage 
represented by this pulse would be sufficient to cause 
damage to the device 10 were it applied for any 
significant length of time. However it has been found 
that by application of the high voltage for such a short 
duration, the life time of the device 10 is substantially 
unaffected. Furthermore, this high peak voltage has the 
effect of considerably reducing the turn on time, such as 



transmissivity curve 36, whilst leaving the turn off time 
substantially the same as in the example of Figure 2. 

Figure 5 shows an embodiment of a supply device 50 
for providing the voltage waveform represented by graph 
37 in Figure 4. in this instance, the voltage applied is 
an alternating voltage consisting a high frequency 
voltage of high potential to form the pulse 37a together 
with a lower frequency voltage component to form the 



20 



to the order of 2 milliseconds as shown by the 
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subsequent maintenance voltage as represented at 37b in 
Figure 4. The supply device 50 is operated from a twelve 
vort: direct current supply (not shown) . The supply 
device 50 includes a first oscillator 52 comprised of a 
Schmit inverter device 50 which has one input connected 
to a supply line 54 and its other input coupled to ground 
via a capacitor 113 and to its output terminal via a 
resistor 58. Line 54 is connected via a switch 56 
coupled to the aforementioned twelve volt supply. Output 



off the conductive layers (26) of the device 10 and on the 
other hand to the two inputs of -a second Schmit inverter 
device 61, the output terminal of which is connected via 
a, diode 62 to the other conductive layer 28 of the device 
10. A second oscillator 64 is formed from a Schmit 
inverter device 66 having both inputs connected together 
and: coupled to ground via a capacitor 68. The inputs of 
device 66 are also connected to the output terminal of 
that inverter via a resistor 70. Output from oscillator 
64. is taken via a capacitor 74 to a conventional voltage 
multiplier 80 comprised of three series connected 
capacitors 82, 84, 86 witJi capacitor 82 being bridged by 
two series connected diodes 88, 90 and capacitor 86 
being bridged by two series connected diodes 92, 94. 
Diode 88 has a capacitor 96 connected in parallel 
thereacross whilst a further capacitor 98 is connected 
between the junction of diode 88 with diode 90 and the 
junction of diode 92 with diode 94. Output from the 



10 : 



from oscillator 52 is connected, on the one hand, to one 
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voltage multiplier appears across a capacitor 100 
connected between earth and the junction o£ diode 94 with 
capacitor 86. Supply from line 55 is provided to the 
voltage multiplier via a diode 106 • 

Oscillator 52 is a relatively low frequency 
oscillator of, for example SOHz and is arranged to 
provide an alternating current supply voltage, via Schmit 
inverter device 60 and diode 62, of RMS voltage close to 
but somewhat above the critical voltage V for the 



comprises a relatively high voltage alternating potential 
of, say, 40 volts and this output is connected via a line 
102, a transistor 110 and a diode 112 to the device 10, 
particularly to the layer 28 thereof. Line 102 connects 
to the emitter of transistor 110 whilst diode 112 
•connects to the collector thereof. The base of the 
transistor 110 is connected via a capacitor 115 to the 
output of an inverter 122 having its input connected to 
line 55. 

20 On initiation of operation of the supply device 50 



by turning on of switch 56, supply is applied to effect 
operation of oscillators 52 and 64. At this time, the 
output of inverter 122 is immediately brought to a ground 
state pursuant to application of supply voltage to the 
inputs thereof, whereby the base of transistor 110 is 
connected to earth via capacitor 115. At the same time, 
the multiplied output voltage from oscillator 64 is 
applied to the emitter of the transistor from line 102. 



10 



device 10. The output from voltage multiplier 80 
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The initial voltage conditions on the transistor 110 are 
effective to permit the oscillatory voltage on line 102 
to pass through the transistor through diode 112 whereby 
the high voltage high frequency signal from oscillator 64 
and multiplier 80 is applied across the device 10. 
However, during this operation, capacitor 115 charges and 
after a time period determined, inter alia by the value 
of the capacitor 115 eventually reaches a state at which 
the terminal conditions of the transistor 110 are such as 
to turn the transistor off. Then, supply from the 
oscillator 64 to the device 10 is interrupted by breaking 
of circuit connection to diode 112. Thereafter, supply 
is provided to the device 10 from the oscillator 52 via 
inverter 60 and diode 62. 

Thus, each time switch 56 is actuated to effect a 
new cycle of turn on of the device 10 the oscillator 64 
operates to apply voltage to the device 10 for a time 
period determined by the value of the capacitor 115. As 
mentioned, this time period may be selected to be of the 
20. order of 5 milliseconds. 

Generally speaking, in practising the invention, 
oscillator 52 may be arranged to provide alternating 
current voltages of frequency between 25 and lOOHz, in 
accordance with conventional practice as determined 
principally by the particular liquid crystal material 
used. The voltage generated by oscillator 52 may be of 
the order of 3 to 15 volts RMS depending on the liquid 
crystal material. The high voltage pulse provided by 
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oscillator 64 and multiplier 80 may be of voltage 
between 20 and 60 volts, applied for a time duration 
between 1 and 10 milliseconds. The frequency of 
operation of oscillator 64 is not critical, but 
frequencies of the order of 20 Khz, such as between 
5 and 40 Khz, have been found satisfactory. it 
is pref ereed that the frequency be higher than 
that of oscillator 52. The frequency of the oscillator 
52 may, conveniently, be in the range 25 to 120 
10 Khz. 

The described arrangement has been advanced 
merely by way of explanation and many modifications 
may be made thereto without departing from the 
J spirit and scope of the invention as defined in 

the appended claims. 



20 
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CLAIMS: 

1. A method of altering the state of a liquid crystal 
device, to vary the optical density of the device, 
comprising applying to the device a short pulse of 
high electric potential. 

1. A njethod as claimed in claim 1 wherein said pulse 
has a peak potential of 2 to 5 times the critical 
voltage of the device. 

A method as claimed in claim 2 wherein said pulse 
is formed from a high frequency alternating current 
signal. 

4. A method as claimed in claim 3 wherein said pulse 
is provided as a DC voltage, 

5. A method as claimed in claim 1 or claim 2 wherein 
said pulse is formed as a pulsating DC voltage, 

6. A method as claimed in claim 1 or claim 2 wherein 
said pulse is an alternating current signal. 

7. A method as claimed in claim 6 wherein said 
alternating current signal has a frequency in the 
range 5 to 40 Khz. 

8. A method as claimed in claim 7 wherein said 
frequency is substantially 20 Khz, 
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9. A method as claimed in claim 3 or claim 4 wherein 
_the_ peak potential said pulse is in the -range 2G to 
60 volts. 



10. A method as claimed in claim 7, claim 7 or claim 
8 wherein the RMS voltage of said alternating current 
signal is in the range 20 to 60 volts. 

11. A method as claimed in any one of claims 1 to 10 
wherein said pulse is of duration 1 to 10 
milliseconds . 



12. A method as claimed in any preceding claim 
wherein, after application of said pulse, a lower 
potential is applied to the device, sufficient to 
maintain the change of state. 

13. A method as claimed in claim 12 wherein said lower 
potential is a DC voltage. 

* 

14. A method as claimed in claim 12 wherein said lower 
potential voltage is in the form of a pulsating DC 
voltage. 

15. A method as claimed in claim 12 wherein said lower 
potential is an alternating current voltage. 

16. A method as claimed in claim 15 wherein said 
alternating current voltage has a low frequency. 
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17. A method as claimed in claim 16 wherein said low 
f regency is in the range 25 to 120 Hz. 

18. Means for applying electrical potential to a 
liquid crystal device for altering the state of the 
device, to vary the optical density of the device, 
arranged whereby on said applying of electric 
potential, the electric potential applied is generated 
as a relatively high magnitude pulse of short 
duration. 

19. Means as claimed in claim 18 wherein said pulse 
has a peak potential of 2 to 5 times the critical 
voltage of the device. 

20. Means as claimed in claim 19 wherein said pulse is 
formed from a high frequency alternating current 
signal . 

21. Means for applying electric potential as claimed 
in claim 19 wherein said pulse is provided as a DC 
voltage . 

22. Means for applying electric potential as claimed 
in claim 19 wherein said pulse is formed as a 
pulsating DC voltage. 

23. Means for applying electric potential as claimed 
in claim 21 wherein said pulse is an alternating 
current signal. 



wo 87/01468 



16 



PCT/AL 86/00264 





24 • Means as claimed in claim 23 wherein said 
alternating current signal has a frequency in the 
range 5 to 40 Khz • 



frequency is substantially 20 Khz. 

26. Means as claimed in claim 21 or claim 22 wherein 
the peak potential of said pulse is in the range 20 to 
60 volts. 

27. Means as claimed in any one of claims 23, 24 and 
25 wherein the RMS voltage of said alternating signal 
is in the range 20 to 60 volts. 

28. Means as claimed in any one of claims 18 to 27 
wherein said pulse is of duration 1 to 10 
milliseconds • 

29. Means as claimed in any one of claims 18 to 28 
wherein, after application of said pulse, a lower 
level of potential is applied to the device, 
sufficient to maintain the change of state. 

30. Means as claimed in claim 29 wherein said lower 
potential is a DC voltage. 



25. Means as claimed in claim 23 wherein said 



31. Means as claimed in claim 29 wherein said lower 
potential is in the form of a pulsating DC voltage. 



wo 87/01468 



17 



PCT/AL86/00264 



32. Means as claimed in claim 29 wherein said- lower 
potential is an alternating current voltage. 

33. Means applying electric potential as claimed in 
claim 32 wherein said alternating current voltage has 
a Low frequency. 

34. Means applying electric potential as claimed in 
claim 32 wherein said low f regency is in the range 25 
to 120 Hz. 

35-. Means applying electric potential as claimed in 
claim 18 comprising two voltage generators, one 
op.erable to apply a steady state voltage sufficient to 
maintain the liquid crystal display device in its 
changed state and a higher voltage generator operable 
to supply said pulse, together with control means 
operable on application of potential to the device to 
effect supply of potential from the higher voltage 
generator for the duration of said pulse and to then 
effect supply of potential from said one generator. 

3:a-. Means applying electric potential as claimed in 
cLaim 35 wherein said control means includes timing 
means effective to effect turning off of potential 
supply from the higher voltage generator to terminate 
said pulse. 
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